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CLAIMS 



What is claimed is: 



V 1 . A metallization structure for a semiconductor device, cor^rising: 
a substrate comprising a substantially planar upper surface; 
a metal layer defining a pattern on a portion of the substrate upper surface; 
a conducting layer overlying and substantially coextensive with the metal layer, said 

metal layer and said conducting layer having substantially aligned sidewalls; and 
metal spacers flanking the sidewalls of the conducting layer iuid metal layer. 



2. The metallization structure of claim 1, fyfther comprising a dielectric layer 
on the substrate upper surface and underlying the me&l layer. 



3. The metallizatj* 
silicon oxide or BPSG* 



jcture of claim 2, wherein the dielectric layer is 



4. >The metallization strufctu^ jtfxlaim 1, wherein the metal layer is a first 
metal layer comprising T\Ta, VfrjCoyfr Mo or allocs or compounds thereof, including 
TaN orTiNJ 

5. The metallizations structure of claim A, further including a second metal 
layer disposed between the first metal laybr and _tw_ substrate and comprising TiN, TiW, 
WN, or TaN. 

6. The metallization structure of ^aim 5, wherein the first metal layer 
comprises titanium or/itanium nitride. 



7. The/metallization structure of claim 1, wherein the metal layer is titanium 
iDrtitanium-nitrider — — 
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The metallization structure of claim 1, wherein tpe conducting layer is 

*» 

selected'from the group comprising aluminum and copper. 

9. The metallization structure of claim 8, wherein the conducting layer is an 

4 

aluminum-copper alloy. 

10. The metallization structure of claim 1, therein the metal spacers comprise 
at least one layer of Ti, Ta, W, Co or Mo, or altbys Jinereof or compounds thereof, 
including TaN and TiN. 



1 1 . The metallization structure of cmii^Qj^wherein the metal^ spacers are 
titanium or titanium nitride. 



12. The merallizatiofo stixictui»r6f claim 1, further comprising a dielectric 
layer on the conducting layer and ft^n^sidewalls aligred^hpswiik, the metal spacers \ 
extending along the sldewalls of the dfrfoctric layer. 

13. The metallization structure of cl^n 12, wherein the dielectric layer 
comprises a low dielectric constanymaterial. 

14. The metallization structure of claim 13, wherein the dielectric layer is 
fluorine-doped silicon oxide. 

1 5. The metallization structure of claim 1 , wherein the metal layer and the 
metal spacers comprise th^same metal. 

v 

16. A metallisation structure for a semiconductor device, comprising: 
a substrate having a metal layer disposed thereon; 
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a dielectric layer having an aperture therethrough defined byAt least one sidewall and 

exposing the metal layer; / 
a metal spacer on the at least one sidewall of the aperture/and 
a conductive layer substantially filling a remaining portion of the aperture. 

17. The metallization structure of claim L6, wherein the metal layer comprises 
tantalum, titanium, tungsten, cobalt, molybdenum,yor an alloy or a compound of any 
thereof, including TaN and TiN. 
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1 8. The metallization structure of ^laim 17, wherein the metal layer is titanium 
or titanium nitride. 

1 9. The/kietallization structufc& of claiml6, wherein the aHcaat oa e metal 
spacer includes at least oneway er of me(^comprising tantalum, titanium, tungsten, 
cobalt, molybdenum, or alloysW compounds thereof, including TaN and TiN. 

Gch/' The metallizat^i smicWe of claim 19Avherein the at leaat ono 'metal 
spacer is titanium or titanium nitede. 



(^21< The metallization structure of claim 16, wherein the substrate comprises a 
dielectric layer underlying the metalTayer. " 
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22.^ The metallization structure of claim 21, wherein the dielectri^upflerlying 



the metal layer is silicon/oxide or BPSG. 



The metallization structure of claim 16, wherein the metal layer and thcat* 



•loaot one metal spacer comprise the same metal. 
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24. The metallization structure of claim 1 6, wherein the metal layer is a first 
metal layer comprising Ti, Ta, W, Co or Mo or jto alloy or a compound of any thereof, 
including TaN or TiN. 




25. ! ) The metallization structrae of claim 24, further including a second metal 
layer disposed betweep^Ie^rst metal /ayer and the substrate and comprising TiN, TiW, 
WN, or TaN. 



26. / The metMl^tion/structure of claim 16, further comprising at least one 
upper metal my er on the c/nabfcjiye layeraind comprising Ti, Ta, W, Co or Mo or an alloy 
or a compound of any thereof, incluah^TaN or TiN. 

27. The metallization structure of claim 26, wherein the at least one upper 
metal layer comprises plurality of upper metal layers. 

28. The metallization structure of clairm^t, wherein the at least one upper 

/ « 
metal layer comprises titanium or titanium nitride. 



29. A method for making a metallization structurpobr a semiconductor device, 
comprising: 

forming a substantially planarfii^t dielectric layer ovf a substrate; 



forming at least one metanayer over the fi/st digfec tric layer; 
forming a conducting layer ov^he^epH^yer; 
forming a second dielectric layer oV^r the conducting layer; 



-VVeCxV 



removing aligned portions of the second dielectric la^er,^conducting layer, and^netal 

layer to form a multi-lav^r structure; and 
forming metal spacers on siddwalls of the nraLtf-layer structure. 
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30. The method of claim 29, wherein forming the first dielectric layer 
comprises forming a silicon oxide or BPSG layer. 

3 1 . The method of claim 29, further including forofing the at least one metal 
layer of Ti, Ta, W, Co or Mo or an alloy or a compound of fay thereof, including TaN or 
TiN. 



m 
m 
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32. The method of claim 3 It further including forming a second metal layer 
between th^first metal layer and the substrate and comprising TiN, TiW, WN, or TaN. 

33. The method of claim 29, further ijafeluding forming the at least one metal 
layer of titanium or titanium nitride. 

34. The method^fclaim 2<X wherein the at least one metal layer is a single 
metal layer and furth^rxomprising foripjpg the single metal layer of titanium or titanium 
nitride. 
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35. The method of clams29, further conjprising forming the conducting layer 
from the group comprising aluminum ah4copper. j 

36. The method ofyclaim 35, further/n^luding forming the conducting layer of 
an aluminum-copper alloy. 



37. The method of clahn 29, further including forming the metal spacers of at 
25 least one layer of Ti, T/i, W, Co or Mo, or alloys thereof or compounds thereof, including 

TaN and TiN. 

38. Themiethod of claim 37, further including forming the metal spacers of 
titanium or tit^iunTnitfide. 
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39. The method of claim 29, further comprising forming a dielectric layer on 
thfe conduct ing laye* * to have sidewalls aligned with the/conductive layer si5^^fe"^' t ^ tte ^ $ 



forming the metal spacers to extend along the sidewalls of the dielectric layer. 



40. The method of claim 39, further/Comprising forming the dielectric layer of 
a low dielectric constant material. 
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41 . The method of claim 40, ^rther comprising forming the dielectric layer of 
a fluorine-doped silicon oxide. 

42. The method of claim^9, further comprising forming the at least one metal 
layer and the mp&Tspacebs of the same metal. 

42. The methocjf o^rainr29 5 lxiF(her comprising forming the at least one metal 
layer by vapor dejtositk 

4^S. The ^thotrof claim 42, fui/ther comprising forming the at least one metal 
layer by CVD, PVD or PECVI 

45. The mepod of claim 29/ further comprising forming the conducting layer 
by vapor deposition. 
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46. TheAnethod of claim 45, further comprising forming the conducting layer 
by CVD, PVD or PECVD. 

47. The method of claim 29, further comprising forming the metal spacers by 
vapor deposition and directional etching. 
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48. The method of claim 47, further comprising effecting the vapor deposition 
as CVD, PVD or PECVD. 



49. The method of claim 29, wherein rediovin^ligned portions of the second 
dielectric layer,^cpnducting layer, an^^af^§r to form ^^H^layer structure is 
effected by patterning and etching the second melectric layer, the conducting layer, an^^ 
the metal layer. 



50. The method of claim 29, fjArther comprising forming the metal spacers by 
forming a metal spacer layer over the mAlti-layer structure and first dielectric layer and 
removing portions thereof overlying the first and second dielectric layers. 

5 1 . TJ*e method o^claim/50, further comprising forming the metal spacer layer 
over the multilayer structure ibid flrst^dielectric layer by a conformal deposition process. 
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multi-layer 



The method^of clsfim 51, wherein Apportions of the metaj^layer over the 
^toacture ayc^irst d/electric layer arg removed by etching. 

53 . The method of claim 297l^thefr comprising: 
removing any remaining portion of the second aiglectric layer and upper portions of the 
metal spacers laterally adjacent thereto. 



54. The methdd of claim 53, further comprising removing any remaining 
portion of the second dielectric layer and upper portions of the metal^§paeeS by etching. 



55. A methdd for making a metallization structure comprising: 
forming a substrate comprising at least one metal layer onljag surface thereof; 
forming a dielectric laver ovej^t least one the metal layer; 
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forming an aperture having at least one sidewall through the dielectric layer to expose a 

surface of the at least one metal layer; 
forming a metal spacer on the at least one sidewall of the Aperture; and 
forming a conductive layer in a remaining portion of the aperture. 
5 / 

56. The method of claim 55, further comprising forming the dielectric layer of 
silicon oxide. 

57. The method of claim 55, further including forming the at least one metal 
10 layer of Ti, Ta, W, Co or Mo or alloys or c/mpounds thereof, including TaN or TiN. 



m 
m 
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58. The method of claim 57/wherein the at least one metal layer comprises a 
first metal layer, and further including forming a second metal layer between the first 
metal layer and the substrate and comprising TiN, TiW, WN, or TaN. 

59. / The methodpf^Mim 55 J\irther including forming the at least one metal 
layer of titanium or titanium ni/ride. 
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60\ The imfthod pf claim 55,/urther comprising forming the at least one metal 
layer by vapor deposition. 



61 . The metnod of claim 60, further comprising forming the at least one metal 
layer by CVD, PVD o/PECVD. * 

62. The ihethod of claim 55, further comprising forming th^onduUiiig' layer 
by vapor depositior 



63. 



le method of claim-62 T further-comprisingTonriing the / )Condiioting*layer 



by CVD, PVDybrPECVD. 
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64. The method of claim 55, further comprising forming the at least one metal 
layer and the metal spacer of the same metal. 

65. The method of claim 55, further qjefmprising forming the metal spacer by 
vapor deposition and directional etching. 

66. The method of claim 55, further including forming the metal spacer of at 
least one layer of Ti, Ta, W, Co or Mo,y6r alloys or compounds thereof, including TaN or 
TiN. 

67. The method of clain/ 66, further including forming the metal spacer of 
titanium or titanium nitride. 

68. y/The method of daim^S^fiirther comprising forming at least one upper 
metal layer on the conduatrtfe^ayer. 

69\ The rj^mocyof claim j>8, further comprising forming the at least one upper 
metal layer on the conducive layer fromyri, Ta, W, Co or Mo or alloys or compounds 
thereof, including TaN or Til 

70. ~ The memod of xlain^68, further comprising.forming the at least one upper 
metal layer as a plurality of upper metal layers. 

71. TheAnethod of claim 68, further comprising forming the at least one upper 
metal layer of titanium or titanium nitride. 

72. Tpe method of claim 68, further comprising forming the at least one upper 
I 

metal layer by vapor deposition. - 
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73. The method of claim 72, wherein the vapor deposition is effected by CVD, 
PVD or PECVD. ~ / 

74. The method of claim 55, further comprising removing the dielectric layer 
and portions of the at least one metal layer not underlying the aperture. 

75. The method of claim 74, furtheycomprising removing the dielectric layer 
by using a hydrofluoric acid wet etch solutW or an oxide dry etch process. 

76. The method of claim 74, further comprising removing the portions of the 
at least one metal layer by directional etching. 

TLr A method for makirig a metallization structure comprising; 
/ / / A 

forming a substrate compr/smg^fleaStvone metal layer ox^t€ surface thereof; 

forming a dielectric layefrover me at least one metal layer; 

forming an apertiirfe^tiwmgh tne dielectric layer to expose a surface of the at least one 

metal layerc /\ / / 
forming a conducting layofSm the/aperture; 

forming at least one upper memHayer overlying the dielectric layer and the conducting 

layer in the appture; / \^ 
removing portions ot the at least one u^per metal layer overlying the dielectric layer, 

removing tne dielectric layer, a^dl^emovirig portions of the at least-one metal layer 

surrounding the conducting layer to form a multi-layer metal structure having at 

least one sidewall; and 
forming a me/al spacer on the at least one sidewall of the multi-layer metal structure. 



78./ The method of claim 77, further comprising forming the dielectric layer of 
silicon oxide. 
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79. The method of claim 77, further including forming the at least one metal 
layer of Ti, Ta, W, Co or Mo or alloys or compounds thereof, including TaN or TiN. 



80. The method of claim 79 5 wherein the/at least one metal layer comprises a 
first metal layer, and further including forming a j^econd metal layer between the first 
metal layer and the substrate and comprising TiN, TiW, WN, or TaN. 

8 1 . The method of claim 77, furper includifig'forming the at least one metal 
layer of titanium or titanium nitride. 



82. The method of claim 7/, further comprising forming the at least one metal 
layer by vapor depc; 

83. / The method o^efei^ 827^rther comprising forming the at least one metal 
layer by jCVD, PVD or B^CVD J 



184. The ibe^d oi/claim 77,^urther comprising forming the conducting layer 
by vapoMeposition. 1 

85. The methqa of claim 84, further comprising forming the conducting layer 
by C VD, PVD or PEG Vy/ 

86. The method of claim 77, further comprising forming the at least one metal 
layer and the metal spacer of the same metal. 



87. The/method of claim 77, further comprising forming the metal spacer by 
vapor deposition off a metal layer over the multi-layer metal structure and directional 
etching of the vapjor-deposited metal Jay er 



26 



88. The method of claim 77, further including forming the metal spacer of at 
least one layer of Ti, Ta, W, Co or Mo, or alloys thereof or compounds thereof, including 
TaN or TiN. 

89. The method of claim 88, further including forming the metal spacer of 
titanium or titanium nitride. 

90. The method of claim 77, further comprising forming the at least one upper 
metal layer on the conducting layer from Ti/Ta, W, Co or Mo or an alloy or a compound 
of any thereof, including TaN or TiN. 

91 . The method of claim 90/ further comprising forming the at least one upper 
metal layer as a plundlty^of upper metal layers. 

92. / The method of dlaimTZ^fediei^comprising forming the at least one upper 
metal layer of titanium or titempm nitride. 

93. ^ The memoikof claim 77, further comprising forming the at least one upper 
metal layer by vapor dej^itipb 

94. The method/of claim 93, wh9fehUhe vapor deposition is effected by CVD, 
PVD orPECVD. 

95. The method of claim 77, further comprising removing the dielectric layer 
by using a hydrofluoric acid wet etch solution or an oxide dry etch process. 

96. The method of claim 77, further comprising removing the portions of the 
at least one metal layer by directional etching. 
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97. The metho 
from at least one of aluminum and c 



98. The rrifethod of 
crupper metal layer of the 




r comprising forming the conducting layer 



■rising forming th^metal layer 5 ^ietal spacer, 



99. The method/5f claim 98, wherein the metal is Ti. 
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